Verlinde argued [1] that baryonic matter in de Sitter Universe with a Hubble constant H produces a bulk contribution to the vacuum entanglement entropy δS ent . Using the de
Lessons from the gauge/gravity correspondence [2, 3] suggest that gravity is holographic. In [1] Erik Verlinde argued that there is also a bulk contribution to the entropy in quantum gravity + matter, originated from the entanglement of the baryonic matter with the gravitational de Sitter vacuum. The entanglement occurs in the presence of the de Sitter thermal bath of a temperature T dS , and thus, leads to a new dark energy component δM according to T dS δS ent = −δM .
(0.1)
He interpreted δM with the energy component due to Dark Mater (DM) in ΛCDM cosmology. Next, he proposed elasticity/gravity correspondence to derive a specific prediction between a spherical distribution of the baryonic matter, and the corresponding entanglement-induced distribution of DM. While the proposal provides a derivation of the baryonic Tully-Fisher scaling relation for localized baryonic matter [4] , it faces challenges explaining observed finite-size galaxy rotation curves [5, 6] . This is probably not surprising given the heuristic aspects of the Verlinde's elasticity/gravity correspondence.
In this note we use the standard tools of the gauge theory/gravity correspondence what is the corresponding temperature T = T dS ?
why does only the baryonic matter (and not the radiation) lead to δS ent ?
Much like in [1], we will not answer why the first law (0.1) is valid, and why δM has to be identified with the DM. In fact, (almost) all the relevant computations to address above questions have already been presented in [7] . We present here the interpretation, and refer for the technical details and the full list of references to the latter paper.
Following [7] , a de Sitter vacuum of a strongly coupled N = 2 * gauge theory has a holographic dual gravitational metric
where A v and σ v are functions of a holographic radial coordinate r, and H is a Hubble constant of the de Sitter background. The dual geometry (0.2) has an apparent horizon (AH) at r = r AH , where AH carries Bekenstein-Hawking entropy density
which is identified with the comoving entropy density of the boundary gauge theory state, i.e., s BH = a 3 s. It was argued in [7] that this vacuum can not be adiabatic, because the comoving entropy production rate is non-zero:
where the rate R depends on the mass scales of N = 2 * gauge theory. It was computed numerically for two particular holographic RG flows: {m f = 0, m b = 0} and for {m f = m b }, see Fig. 1 .
We would like to interpret the massive N = 2 * gauge theory as a 'baryonic matter' in Verlinde's theory, distributed over all the de Sitter background space-time. If so, the non-adiabaticity of the de Sitter N = 2 * vacuum (0.5) can be explained by postulating that the entropy density s of the N = 2 * de Sitter vacuum state (at late times t → ∞) is precisely Verlinde's entanglement entropy density s ent :
It is natural to call then the dual AH (0.3) the entanglement horizon. Notice that since R vanishes in the conformal limit, i.e., when m H → 0, as in the Verlinde's proposal [1] , the entanglement entropy is nonzero only if matter is massive.
A crucial aspect of the Verlinde proposal leading to DM identification is the presence of the de Sitter thermal bath. If we identify the holographic horizon (0.3) with the entanglement horizon, it is natural to identify its Hawking temperature T as the appropriate temperature of the de Sitter thermal bath. Following [8] , AH surface gravity κ of the dynamical geometry (0.2) is given by
Using N = 2 * vacuum equations (4.16)-(4.22) in [7] at r = r AH we find, analytically, .
In this note we reinterpreted the holographic computations of [7] for the N = 2 * vacuum state in de Sitter in light of Verlinde's emergent gravity proposal [1] . Using standard holographic gauge theory/gravity correspondence, we identified the apparent horizon of the dual geometry with Verlinde's entanglement horizon. We showed that the entanglement horizon has a temperature equal to de Sitter background thermal temperature. The Bekenstein-Hawking area of the dual AH encodes Verlinde's entanglement entropy. We emphasized that the entanglement entropy vanishes in the conformal limit. If our speculation to be trusted, two properties of the entanglement entropy (0.6) emerge:
s ent is not universal -it depends precisely on what kind of baryonic matter is entangled with the de Sitter gravity -R depends on mass scales in the theory, see Fig. 1 ; s ent is not 'linear elastic' in baryonic mass scale -R is a nontrivial nonlinear function of
It is interesting to further study properties of the entanglement horizon in a holographic framework. Presumably, turning on the mass of the boundary theory nonzero only in a finite region of the de Sitter space-time, it is possible to derive Verlinde's dark gravitational force.
1 Presumably this is related to a negative sign in the first law in [1] .
